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Antibacterial and antioxidant activities of pepsin
hydrolysatefrom salted duck egg white

LI Jingjing, CAI Weirong*, LI Anqi, ZHU Ying, WANG Lu

College of Biological and Food Engineering, Anhui Polytechnic University, Wuhu 241000, Anhui, China
Abstract: [Objective] To improve the comprehensive utilization of salted duck egg white, bioactive
proteolytic products were prepared. [Methods] In this study, salted duck egg white wasdesalted and
graded by ultrafiltration. The protein fractions of salted duck egg white within different molecular
weight ranges were hydrolyzed by pepsin. The bacterial inhibition and antioxidant activitiesofthe
hydrolysates were determined in vitro, including the determination of minimum inhibitory
concentration (MIC), minimum bactericidal concentration (MBC), and cell membrane integrity.
[Results] Three fractions of different molecular weights were obtained from salted duck egg white by
ultrafiltration, which were fraction A with Mw>50 kDa, fraction B with 50 kDa>Mw>20 kDa and
fraction C with 20 kDa>Mw>5 kDa. Among them, the hydrolysates of fractions A and B had inhibitory
effects on the growth of Escherichia coli. The MICs of the two fractions were 1 024 pg/mL and 2 048 pg/mL,
respectively, and the MBCs were both 2 048 pg/mL. The ODgy value of E. coli was about 1.15 after
entering the stationary phase. When the hydrolytic peptide was added at a concentration of 1xMIC, the
ODgoy values of the bacterial solution in stationary phase decreased to 0.79 (A) and 0.86 (B),
respectively. When the hydrolytic peptide was added at a concentration of 2xMIC, the ODgg values
decreased to 0.5 (A) and 0.68 (B), respectively. The two hydrolysates had good antibacterial effects,
which were attributed to the destruction of E. coli cell membrane. However, Staphylococcus aureus was
not sensitive to all three hydrolysates, and the inhibitory effect was poor. Moreover, the hydrolysates of
fractions A, B and C all had antioxidant activities, and their scavenging ability against DPPH radicals
reached 0.50, 0.67 and 0.38 times Trolox, respectively. [Conclusion] The salted duck egg white could
be simultaneously desalted and enriched to obtain different target proteins by ultrafiltration. The
hydrolysates of the obtained target proteins possessed antibacterial and antioxidant activities, and could be
used as nutritional additives, which improved the added value and utilization of salted duck egg white.

Keywords: salted duck egg white; hydrolysate; antibacterialactivity; antioxidant activity
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AWl LB BiFRELE . EARHUE, REEMEG PI
etk H &, FiA TAY; Trolox(KIE 1 4k
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6538, JLAUAEWIIRE L o
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Ny HEEW T SA, mg/mL.
1.3.2 AREHESKEFYERT S FENE

Bt A A S C VA T, 48 0.22 pum JE ARG U8
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(MBC) Ry E

225 SCHRR A5 B0 MIC #4700
SE TR R R AN [R) VA T 1 el B 9 R
WA RIIMB TCE R 96 FLARH, 55 1 25 11 1L
Tin B, AL 100 pL, 2R 12 LA IR
AR 2 IR IR AR ANTR « Be s
TR IR BE 43301 f 8 192, 4096, 2048, 1024,
512, 256, 128, 64, 32, 16, 8 ug/mL f¥) MIC
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FABEAR U 5 35 AE 600 nm I Ak ARt

<l actamicro@im.ac.cn, & 010-64807516

B, PrA MR SEAT 3 U, Hidr 0xMIC 41yt £k
R ARG FE R I A i1
1.3.6 E B /KBEFY) 340 AR EIE 48 220
BUS IR 10 mL 5.0, ] PBS
(pH=7.0) bR 1A 2 WEE.O Lk G, EHE
PR IR NI B e W a7 B S B T2 871
43 FIEE] 1xMIC Fl 2xMIC, LGB W A1 357
RNz XTI, 37 °C KRR 4h e,
W 100 pL AE3CH TR T A PTG B4 €5, 30 min,
FE NG B BT T LSS AN e i )
1.3.7 ERKBEYEIERINE HE BB
DPPH 35 bR 2. 1£ 96 FLEHRA H 4
LA S S I AEE &L 100 uL 1 0.5 mmol/L DPPH
B 100 pL, =T, WAL )0 30 min,
517 nm ARG R, EVESEBRA A DLHI
W% DPPH H B WL, CAEXTREZH 4.5 DA
R AR, 0B B4 4, (A 2),

1 th S 2 (= = (A = A)

1.4 ZitHHh

& F2H K 1 GraphPad Prism 8.0.2 %f4:5¢
W, BdERF SPSS 25.0 T4, ZSERE
K ANOVA 4387, G5 R LE BB EZE TR

2 X504

21 RBISERFEFHEHSEIE
EWHEMILM EEA D E A S F =505
g BNZEKEE (2 110 000 Da), BRE4REM
(76 000-80 000 Da). BP 145 1(%7 45 000 Da).,
BUKAE R 1(Z 28 000 Da). VA HF(14 000—
14 600 Da)!' ", MRS F B FIMT, 3 R4
BRI 65.20% ., 15.50% ., 1.80%, 45243
B ERB R, A A FEASINEESREN,
Moy B FEAFINAEN, 45> C FELIER
gtV FE AR R, AR EE
WY, AR 50%-60%, Hitk, 45 B

x100 (2

b



ZERhESE | A YRR, 2022, 62(11)

4509

RBCRI R (% 1), H2 SkDa A HuE, M
EIE R KB BB, 3 Fhdl o BT A K i =
YK R E S 3R 14.82% . 15.95% . 17.61%.
22 RBEFZESKEBEEPENSFE
R FN WK S P TEVERR AT, W 3 A
KA i B 1 AT

(A)
0.14}

0.12}
010}
? 0.08
0.06}
0.04}
0.02+

=1
Table 1

3MEBIEASMERIRIER

Extraction rates of protein from three
ultrafiltration fraction
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Molecular
weight/kDa
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DH/%
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Fraction B
Fraction C
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Relative molecular weight distribution of different hydrolysates. A: fraction A; B: fraction B; C:
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Figure 2  In vitro antibacterial activity assay of different hydrolysates. Al: fraction A (Escherichia coli); A2:
fraction B (Escherichia coli); A3: fraction C (Escherichia coli); B1: fraction A (Staphylococcus aureus); B2:
fraction B (Staphylococcus aureus); B3: fraction C (Staphylococcus aureus).
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Table 2 Inhibitory activity of the hydrolysates
against Escherichia coli

Diameter of inhibition zone for

Concentration/ Escherichia coli/mm

(mg/mL) : :
Fraction A Fraction B

0.00 0 0

0.25 0 0

0.50 6.06+0.12 0

1.00 8.73+0.68 6.50+0.30

2.50 10.00+0.21 7.20+0.26

5.00 12.874+0.42 10.47+0.91

FTIRTR (GO TRRCREE, X R AT R B AL
R, A A R R A DR R A
SIS 1 1 0I5 P 30 TE A5 31 B9 7 4k
A U6 Z R A R ELAT B TR P (H X 4 B 60 A A BK
PR AR . DR A7 T 2 R 1 A 2 OGS A
PG BRI R AT B s o i 7

24 REMNEREMICOERIRERBIRE
(MBC)

ANRIEET , 3 BhK A x4 6 i A Bk
PRI R 3, ST RMAT R Pn 45 R W3 4,
LERFR], AXST S 2 FhdHSY, 0 A XK
FFEE A SR e, H MIC {4 1 024 pg/mL,
204y B ) MIC {5l 2 048 pg/mL. #4145 C 1Y
MIC {H 4 4 096 pg/mL . 73 B 16 1 52 56 s in
KSR BE DY 5 mg/mL I, X4 (0 8 (]
AR LA BRI R W IME 3 Fh
4153 7K R 6T v 0,7 25 BR TR 1) MILC ) 7 ok
B T RGN AR, el ET 3 ik
S G A A 4 AR AR A, A
S Ux 4 LRI A BRI BT MR A 25 . IS RN
i P4 O VR (R 5 R LA B AR
B 3 Sk B 1 K 7 K 4 00 R 2 R T AN A
B, SAME AR, Hi, JFEmsLEh
T2 B 5 B AR AR 22 RO R A R A 0
ROR

*3 ARKEFYEEEEHEHKER MIC T
EHER

Table 3 Results of MIC determination of different
hydrolysates on Staphylococcus aureus

Concentration/ Staphylococcus aureus
(ng/mL) Fraction A FractionB  Fraction C
16 384 + + ++
8192 + + ++
4 096 ++ + ++
2 048 ++ ++ ++
1024 ++ ++ ++
512 ++ ++ ++
256 ++ ++ ++
128 ++ ++ ++
64 ++ ++ ++
32 ++ ++ ++
16 ++ ++ ++

—: sterile growth; +: a small amount of bacteria growth; ++:
a large amount of bacteria growth.

F4 AEKEFYNKBTFER MIC N ELER
Table 4 Results of MIC determination of different
hydrolysates on Escherichia coli

Concentration/ Escherichia coli
(ug/mL) Fraction A Fraction B Fraction C
4096 - - -
2048 - - +
1024 - + ++
512 + ++ ++
256 + ++ ++
128 ++ ++ ++
64 ++ ++ ++
32 ++ ++ ++
16 ++ ++ ++
8 ++ ++ ++
4 ++ ++ ++

—: sterile growth; +: a small amount of bacteria growth; ++:
a large amount of bacteria growth.

3 AL X KIAFF IR B MBC e 25 4 I
5, WEWHL, 45 A M4l5 B () MBC 13
412 048 pug/mL, 4145 C i MBC 4 8 192 pg/mL,
5 MIC ME &5 AT, 2 BaRgs R, ATn]
DLE BRI FF A REOR b, 455 A BECR
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x5 AEIKBEEYNKETFES MBC MELSR
Table 5 Results of MBC determination of different
hydrolysates on Escherichia coli

Concentration/(pg/mL) MIC MBC
Fraction A 1024 2048
Fraction B 2048 2048
Fraction C 4 096 8192

hf, Wy Bk, 414y Clezs. X5
BRI T (R R DU 25 SR AR 5 (B 2)
2.5 KKz

J T 2B PR R T BT A M, X
PR RO B U  AL 5 A FdL o B A= K il 2k
PN E (B 3). AR I RN, & K0
] ZE K, o B ZH (0 MIC) ) 48 T i b s 184 o
IFAE 1820 h EAFLE W], ODgoo (HZI N 1.15,
R EP IR S BIBAK 45 A FId] 4 B A
RIS M SR AR, 24 2 R K AR
TN FE R E] 1xMIC B, 405 AR K ORI TR,
AR, R X EAE K IIERK % 20 h, 20 h
JEA AT EW], TaEM ODeoo (B AN FRZH 43
HIFEZE 0.79 A1 0.86, 414 B W BSOS F

14~ — OxMIC
2L — AIXMIC
“ — A2xMIC
1.0F — B IxMIC
S 08l — B2XMIC
S 06k
041
02
I 1 1 1 I

1
0 4 8 12 16 20 24 28 32
t/h

B 3 FERERMNTERBESKNXEBHESE
1K< X BY 2 M)

Figure 3 Effect of different concentrations of
salted duck egg white peptide on the growth curve
of Escherichia coli. Error bars indicate the standard
deviation of the means (n=3).
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2xMIC B} Bl MBC, 41 7 i 31 i Hh Ze A 5 W 2 1)
Ak, B3R 24 h AHEAREW], nREEEE]—
FEMRPERIR T M A KA, 28Tl
TR D0 B R A A il e i g i, i R A
SEROIRE 5 T AE U O X A0 A IR, S PR
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[R—
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[ E—

4 AREIKEEFHX K I+ 5 4R IE 5T 2 M R 2 0m

10 pm

10 pm 10 pm

[— [—

Figure 4 Effect of different hydrolysates on cell membrane integrity of Escherichia coli. A: fraction A
(0xMIC); B: fraction A (1xMIC); C: fraction A (2xMIC); D: fraction B (0xMIC); E: fraction B (1xMIC); F:

fraction B (2xMIC).

RIGF R AR i Zemilghie—8. 72T
EPANE B, Ly SR R, 2k
3 JORCRT e 2ok 75 ek 20 R 20 Y A A R e R 5 L
WVEAET; HAEECRIL, I8 KR
Py HAT R A ) o 22 E B PE  ROAE T, ELXE
AT T 240 M JB 0 i Wi e M WA 5 Tbrahim
A PRI S v A 1) B T K TT LA 2 R
FERR NI R IR A R 04 A= Dh B , EOR AT
SET. I, S5 BIRSCIRHEN, ABF5E kAT
F18 EE 3 TR I e A0 ) R A B 9 A I, BRI
R AN A e P, SRR BT 1 H A
2.7 FREIKEBE=YE B B EEFRREE
HEAZME R T REHA Z R EY N, &
T2l A A I P IR R OB 2 —, S
2 R hrauimtk . PO S E IR,
K5 el EH, 3 AR R E A A 1K
fig =3 A DPPH-IEFRAE S, HEGWE BTV

MEm . PAE S a WAL 7 Trolox kit B
oy, FESHE —B K%t DPPH- 1 BR
AE 1 BAIRTF Trolox, {H 3 FK ff /= Wi b aE 11 40
SIAf % F] Trolox 4 0.50 f5. 0.67 f%5F1 0.38 1§,
B HA — @ P A s

Horr, 414y B KR DPPH - bR g 1
FEASHE T LT HA A 5y, vTRER R T 410
B A BN AR e A B TR
HARYE K@= Fav] &, 4159 B K™
YI/NF 1 kDa s FRIKE L2, A
FEUESE, HA BUAAALIE M  IKE 7 T X8/ o
HFEAEECO RS e SE, BRI A A BDBR ( E
FA S BA —EPUA R ), FERERTT
AR PR BCR H I R A K. EERIRPLR
fERR B SE R, R B B K A T A5 4 IR L
A B W IETERREE T, DR E ARk
fFBE VAR T, TSR A B8 DPPH H
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Figure 5 DPPH- scavenging ability of different
hydrolysates. Error bars indicate the standard
deviation of the means (n=3).
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